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EXECUTIVE OVERVIEW

This seven-month project tested the application
of scheduling standards in a shipyard pipe fabrication
shop. Actual hands-on data was accrued, analyzed, and
applied during three separate testing periods. Results
show that fabrication manhours were reduced by about
one-third, permitting the fabrication of about 50% more
pipe with the same number of fabricators. The key to
success is the scheduling standard, developed from en-
gineered labor standard data plus a factor to accommo-
date non-process considerations. The scheduling stand-
ard accurately predicts REAL work content, allowing the
major improvements in work loading, planning, and
scheduling from which the savings result.
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SCHEDULI NG STANDARDS PI LOT PRQJECT
SUMMARY REPCRT

| BACKGROUND

The National Shipbuilding Research Programis funded by the Maritime
Admnistration, United states Departnent of Transportation, toward im
proving productivity in shipbuilding. Technical direction of this Pro-
gramis provided by the Ship Production Conmttee of the Society of
Naval Architects and Marine Engineers. The Ship Production Conmttee
I's conmposed of several Panels, one of which is the Panel on Industrial
Engineering, SP-8. The Industrial Engineering Panel and the Panel on
standards (SP-6) make-up the ship Producibility Research program
managed by the Bath Iron Wrks Corporation, Bath, Mine.

I ndustrial Engineering Panel SP-8 was activated in 1978, and has been
carrying out two major research efforts: (2) the devel opnent of engi-
neered labor standards, and their application for (a) nethods engineering/
i nprovenent and (b) planning and scheduling shipyard work; and (2) general-
|y increasing industry awareness of industrial engineering potential. Dur-
ing the past two years, nuch standard data has been accrued through the
use of MOST* in several participating shipyards, anong them Peterson
Builders Inc., Sturgeon Bay, Wsconsin where standard data has been pro-
duced in the fabrication pipe shop area.

Al though several participating shipyards have made advances in methods
engi neering/inprovenent using standard data, none had tried to apply these
data for planning and scheduling purposes until the Scheduling Standards
Pilot Project described in this Summary Report.

*Maynard Qperational Sequence Technique.
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I1. [ NTRODUCTI ON

This Project was initiated as a result of consensus opinion gained
at the SP-8 meeting held at Portsmouth, NH on 24-25 June 1981. The Pro-
ject would try out the application of scheduling standards for planning/
schedul ing purposes. Data gained fromthe Project would be available to
assist in defining the Phase Il Data Application portion of the continu-
ing industrial engineering program under SP-8.

The project was conducted generally in accordance with a technical
proposal submtted by Corporate-Tech Planning Inc. (Rodney Robinson) to Bath
Iron Wrks on 28 Aug 1981. Bob Graves (U Mass.) and Leon MGnnis (Ceorgia
Tech.) carried out a related and supporting project to analyze the data
collected. Lou Kuh (H B Maynard Co ) provided input in the formof MOST
standard data. Shipbuilder input was provided by personnel from Peterson
Buil ders, Inc., (Gary Hggins, Dan Kressig) where the Project was carried
out. Overall direction was provided by a Steering Commttee conposed of
representatives of the above activities, plus the SP-8 Project Ofice at
BIN (Joe Fortin).

This Summary Report describes the principal features and findings of
the Project.

DURATI ON: Sept enber 1981 through April 1982

LOCATI ON: Pipe Fabrication Shop, Bldg. 70
Pet erson Builders, Inc.

DEFI NI TIONS UNTQUE TO TH S PROJECT:

Wrk Order - the document used at PBlI to describe a package
of piping fabrication work.

Pipe Detail - an individual sheet of a work order describing
the details of a single pipe detail or spool piece.
A typical work order would contain several pipe
details.
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Estimate - an assessnent of the work content of a work order
made by planning peopl e at PBI based on the require-
ments of the work order and historical return cost
data for simlar work on previous hulls.

Return Cost - the charges for a work order taken fromthe usua
PBlI charging system consisting of a periodic com
puter runoff of time card entries.

Time Sheet Hours - charges taken from special data sheets filled
out by the mechanics thensel ves at the workpl ace;
Time sheets were used during this Project to pro-
vide tinely and accurate charges for the work under
test, by individual pipe detail. Although it took
some time for each nechanic to fill out his data
sheet, the disruption and delay involved were mn-
imal and can safely be ignored

Process Time - the tinme spent by the mechanic in carrying out
the basic process (fitting, grinding, welding
bendi ng, saw ng, etc.).

Non-process Tinme - the time spent by the mechanic while engaged
in activities outside of the basic process (personal
time, waiting for material, readiig work instructions,
equi pment breakdown del ays, crane delays, etc. ).

Non-process Factor - a factor developed by the Project teamto
take into account the real, natural, and acceptable
di fferences between level tinmes and actual times for
acconpl i shing work. The magnitude of the non-process
factor was based on work sanpling conducted by PBI
personnel at the workplace.

Scheduling Standard - an engineered |abor standard consisting of
two parts: (1) the usual best performance portion
based on standard data from MOST, called level tineg;
and (2) a calculated non-process factor, devel oped
to acconmodat e real -world considerations surrounding
conduct of the work. The scheduling standard (Ievel
tinme increased by the non-process factor) is a real-
istic prediction of actual “will cost” charges for
the work, under the circunmstances currently existing
at tbe work place.
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I11. GENERAL APPROACH

The general approach to this Project, devel oped by Corporate-Tech
and approved by the Steering Commttee, included the follow ng steps;

e(btain MOST data for a selected group. of work orders,
and deternine level times for doing the work.

e+ Conduct work sanmpling to deternmine process time and non-

process tinme fractions. (Wrk sanpling also provides
detailed insight into both. categories.) Take five mn-
ute work observations once each hour for each two-week
testing period. Determne the percentage of tine mech-
anics were carrying out the basic process (called the
process tine fraction), and the percentage of tine the
mechani cs were engaged in non-process activities (cal-

| ed the non-process fraction).

eCal culate a non-process factor. Basically,

non-process tinme fraction
process time fraction

Non- process factor =

| cal cul ate scheduling standard hours (level tinme in-
creased by the non-process factor. )

Sch. Std. Tine
or,
Sch. Std. Time

Level Time + (Level time x non-process

Level Time (1 + non-process factor)
| Determne the actual costs for the work

| Analyze data to see whether scheduling standard predic-
tions match actual costs.

| when prediction capability is established, |oad the shop
usi ng schedul ing standard hours and see if benefits accrue
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|V.  BASELINE DATA

The following data reflects conditions at PBl inmediately pries
to the start of Project testing

| pipe fabrication work orders typically ran between 5 and 400
manhours each, as estimted by the planning people at PBI
with an average work order estimated at about 40 manhours

| The workforce in the pipe fabrication shop varied from5 to
10 nmechani cs.

| About 2-weeks worth of work (by work order estimates) was
| oaded on the shop at one tine.

| A work order was usual |y assigned to one mechanic who per-
formed work in the same order that the pipe detail sheets
were assenbled into the work order.

| A single ground rule was given to the mechanics in the fab-
rication pipe shop prior to data collection for this Project.
That rule was for themto performthe same way that they had
in the past. They were asked not to work any harder, any
less hard, or any differently than was their usual practice,
nor should they change any work nethods or procedures just
for this Project. The reason for this groundrule was to
permt the CAPTURI NG of normal mechanic performance. Cer-
tainly, actual working periods mght become nore frequent
as the Project matured, but the mechanics were asked to
work at their usual intensity when they worked.

| Previous performance on-typical, randomy selected work

orders shows_\ r between estimated hours and re-
turn costs |(Figure 1)*. | The data points are spread out
on both sides of the dragonal. (\Wen return costs match

the estimtes, the data points are on the diagonal . Vhen

*Scatter diagrams in this report are plotted on log-log paper to
provide a reasonable spread of data points. The band on either
side of the diagonal is #10% wide.
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BASELINE DATA
FIGURE 1

return costs are higher than the estimtes, data points are
above the diagonal; when return costs are |ower than the
estimates, data points are below the diagonal). The w de
scatter indicates poor correlation between individual esti-
mates and returns, which argues that historical return costs
are not a good basis for estimating the future cost of
simlar work orders. Note that in the aggregate, however
total return costs essentially match the total estimted
hours for this sanple of work. This fact is quite normal

in shipbuilding, where actual charges often rise to match
the budget (estimate) available. (See Reference a).
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v. TESTING PERI(D

Three testing periods were carried out.

First Testing Period - 30 Sept 1981 through 23 Ot 1981

e Purpose was to deterniné the prediction capability of
schedul ing StandardS

e FEight work orders in sanple, ranging in estimted size
from4 to 400 manhours.

e Level tines obtained fromdetailed MOXST, and al so from
a classification schene based on detailed MOST data.
Reference (b) describes in detail the devel opnent of
the classification schene used.

e Three pages fromreference (b) show ng typical class-
ification charts are included here as Appendix A Note
the ease with which level tine data can be extracted
fromthese charts by sinply entering basic work para-
neters.

e Sanple work orders were tracked through the shop
(other work going on concurrently was not tracked)

Second Testing Period - 30 Nov 1981 through 11 Dec 1981

« Purpose was to confirmthe prediction capability of
schedul ing standards

«Seventeen work orders in sanple, ranging in estimted
size from8 to 80 manhours.

o Level times obtained fromclassification scheme based
on detailed MOST data

«Sanple work orders constituted ALL the work going on
in the shop.
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Third Testing Period - 22 Feb 1982through 5 Mar 1982

«Purpose was to see if benefits accrue when the shop is
carefully loaded using scheduling standard hours to pre-
dict actual work content.

« Twenty-eight work orders in sanple, ranging in estimated
size from 3 to 400 manhours.

.« Level times obtained fromclassification scheme based on
detailed MOST data

« Sanple work orders constituted ALL the work going on in the
shop, although not all work orders in the sanple were worked
Wrk was |oaded to between 100 and 110% of the predicted
wor kf orce capability, maintaining a slight overload.

VI.  ANALYSI S OF DATA

« The prediction capability of scheduling is is shown
by scatter diagrams of TIME SHEET hours vs. scheduling stand-
ard hours. Level tinmes were calculated as noted with each
figure. Non-process factors determ ned from work sanpling
were slightly different for each testing period, reflecting
the actual conditions at the worksite
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Figure 2 phows data from the

first testing period using
level times from detailed
MOST. Note the small degree
of scatter, and that the
data points are close to
the diagonal. This indi-
cates that time sheet hours
are quite close to the hours
that the scheduling stand-
ards predict are necessary
to acconplish those work
orders

TIME SHEET HOURS

1000

100

10

! 10 100

SCHEDULI NG STANDARD HOURS
FI RST_TESTI NG PERI OD

C assification Mst
FI GURE 3

1000

10 100 1000

SCHEDUL ING STANDARD HOURS

FIRST TESTING PERIOQD
Detailed Most
_ FIGURE 2

Figure 3|al so shows data fromthe

fiTst—testing period but using
level times fromthe classifica-
tion schene based on detailed
MOST data. MNote the small dif-
ferences between Figure 2 and
Figure 3 fromusing the classifi-
cation scheme. The data points
are even closer to the diagonal
especially the large work order

at about 160 hours. The classi-
fication scheme is nuch less time-
consumng than direct use of de-
tailed MOST data, and yet pro-
duces level times that are entire-
|y satisfactory for use in de-

vel oping schedul ing standards.
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7 Figure 4|shows data fromthe
Y second testing period using

evel tinmes fromthe classifi-
cation scheme based on detailed
MOST data. Note that these work
orders are fairly small in size :
v the largest being only about 43
] hours. Al though not as close to
> the diagonal as desired, these
ol L data points are well distributed
o Oon either side of the diagonal,
and indicate good predi cti on
capability through use of sched-
uling standards

100
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SCHEDULING STANDARD HOURS
SECOND TESTING PERIOD

Classification Most
FIGURE 4

000
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Figure gshowsdata from the

Third testing period using

| evel times from the classi-
fication scheme based on de-
tailed MOST data. Note that
the larger work orders are
ON t he diagonal, and the
others are close to it. Cear- |
|y, scheduling standards CAN
predict real costs.

TIME SHEET HOURS

! 10 100 1000
SCHEDULING STANDARD HOURS

THIRD TESTING PERIOD

Classification Most
-10- FIGURE 5
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® The relationship between previous ESTIMATES for work orders in
each of the three samples, and the scheduling standard hours
for those same work orders, is also shown by scatter diagrams.
(Level times reflect the classification scheme based on de-

tailed MOST data).

1

Y

10 100
SCHEDULING STANDARD HOURS
FIRST TESTING PERIOD

Classification MOST
FIGURE 6

Figure 7 shows data for the

work orders in the second
sample. Note that nost of
the data points are above
the diagonal, indicating
that estimated hours are
general |y higher than the
schedul ing standard hours.

In addition to this clear
bias toward heavy estimates,
there is also wide scatter
anong the data points

This scatter reflects the un-
reliability of the estimtes.

1000

ESTIMATE (HOURS)

-11-

1000

00

hovvs data for the work

orders in the first sanmple. Al -
though the sanple size is small
scatter is not favorable. The
data points are too far fromthe
di agonal, and there is ahint

that the estimted hours are gen-
erally higher than the scheduling
stﬁ?dards say are needed to do the
wor k.

N\
A

10 100
SCHEDULING STANDARD HOURS
SECOND TESTING PERI CD

Classification Most
FI GURE 7
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Fiqure 8|shows data for
the work orders in the third
sanple. Here the bias toward
heavy estimates is quite pro-
nounced. As nentioned earlier,
It is noxmal for shipbuilding
costs to S|nﬁly rise until

they match the budget (esti-
mate) available (Reference a).
Unrealistically high estimates, *
such as we have here, usually
pronote unnecessarily high re-
turn costs.

ESTIMATE (HOURS)

1 10 100 1000
SCHEDULING STANDARD HOURS

THIRD TESTING PERIOD

Classification Most
FI GURE 8

Special__Note:

A legitimte first reaction to these data is to sinply cut back on the
estimtes. However, the wide Scatter of these estimates is STILL a problem
Some estimates really need to be decreased while other estimates need to be
increased. An across-the-board cut will do NOTH NG to inprove the credibi-
lity of the planner making these estimtes. Production people will continue
to view such bl anket decreases in the sanme light, and will TRUST the re-
duced estimates even less than they did the inflated estimtes. Scheduling
standards are a tool with which the Planner can correct this situation
$chedul ing standards CAN PREDI CT the real work content of each work order
and thereby offer a solution to the credibility problem Once production
peopl e gain confidence in the prediction capability of scheduling standards,
a firmbasis for planning and scheduling will have been created. Thereafter,
excessive costs can be reduced as is seen bel ow

-12-
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« The aggregated data for all work orders in each of the three
samples is shown by the bar charts of [Figure 9. |

INDEX OF HOURS

-In all three testing periods
previous estimtes are nuch |arger
than scheduling standard hours for
the same work orders.

- Agreenent between time sheet
hours and scheduling standard hours
becones progressively better during
the three testing periods. (The non-
process factor for the first sanple
was probably too small. This was per-
haps due to unintentional favoring of
sanple work orders at the unknown ex-
pense of other untracked work going
on concurrently, and the resulting
data distortion. This Situation
was renedi ed during the remaining
testing periods by tracking ALL the
work in the shop. )

FIRST

SECOND

TESTING PERIOD

During the third testing
period, mechanic performance was at
96% of the scheduling standard hours.
This level of performance is en-
tirely acceptable for planning and
schedul i ng purposes.

THIRD

. Additional analysis of data

fromthis Project is provided in Ref-
erence (C), where stathstical and AGGREGATED DATA

other anal yses are used to devel op FIGURE 9
expl anations for the differences

between the level tines and the actual tines, which is that portion due to
non-process factors. Two observations from Reference (c)are repeated here

for reader convenience

“One of the primary conclusions of the pilot study is that
the actual production times are highly correlated with the
level tinmes, and that the relationship between themis re-
latively stable over time. This means that the level tines
do provide a very good basis for predicting the actual time
required for a task.

13-
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Another primary conclusion is that, with certain limta-
tions, even a very sinple method for converting the |evel
times into scheduling standards can give good results

More conplicated nethods for obtaining scheduling stand-
ards fromthe level times give nore accurate results, but
the inprovements are decreasing as the effort increases.”

VIT. CONCLUSIONS drawn from this Project are as follows:

Concl usi on #1

schedul i ng standards accurately predict the nmanhours
required to fabricate individual piping assenblies. This permts
nore accurate cost and schedul e predictions.

Concl usi on #2

Manhours used to fabricate pipe assenblies are reduced
by about one-third through shop | oading based on scheduling standards.
This permts the fabrication of about 50% nore pipe with the sanme
number of fabricators.

Concl usi on #3

Use of a classification scheme (in this case based on
detailed MOST data) rather than direct use of detailed MOST data it-
sel f produces acceptable level times. This greatly reduces the effort
required of shipyard personnel in developing shipbuilding standards

-14-
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VITT. SUMARY

This Project established that:

(2) scheduling standards can be devel oped that realistically
predict production “will-cost” charges:

(2) scheduling standards can facilitate shop |oading;
(3) mechanics can performto scheduling standard predictions;

(4) |abor charges are the reduced to about two-thirds of
previous expenditures for the same quantity of work.

Since manpower is the nost expensive resource in shipbuilding, and
Is sometimes in limted supply, it is good business to produce nore pro-
duct for the same manpower expense. Properapplication of scheduling
standards can allow this to happen. In this particular instance, results
show t hat about hal f-again as much work can be produced for the sane
(previous) cost. This increase (about 50% can be sustained nas |ong as
material supplies keep up, facilities are not overloaded, and the shop
does not get so far ahead of the downstream shops that in-process inven-
tories exceed, acceptable limts.

schedul ing standards are a valuable tool that is well wthin reach
today. This Project was successful, but is really only a beginning. The
ful'l potential of applying scheduling standards for planning end schedu-
ling in shipbuilding has yet to be exploited.

ix. RECOMMENDATI ONS

This Project waslinited to one shop. The next |ogical step would

be to apply the sanme technique in another shop, and then another, unti
all shops have been treated. Individual shop inprovenents will be sub-
stantial, as illustrated by the exanple of this Project.

-15-
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when all shops have been inproved individually, then careful

sequenci ng and schedul i ng of production work across the whol e ship-
yard should be carried out, using the prediction capability provided
by scheduling standards. This will produce ANOTHER step change, this
tinme in total -shipyard efficiency, as all contributing parts of the
wholeef fort are meshed together effectively. The synergistic ef f ect
of applying engineered scheduling standards throughout a whole ship-
yard may wel|l result in savings which are greater than the sumof the
savings identified in the individual shops

Al of the above should be carried out in a small to medium size
shipyard with a relatively short build cycle (of a few nonths) so that
the whole problem can be surrounded in a reasonable length of tine.
Peterson Builders Inc. would be an ideal l|ocation. Once the techniques
are devel oped and proven on a nmodest scale, they can be expanded and
adjusted to suit the needs of the |arger shipyards, where the same prob-
lems exist but with the added conplications of a |arger workforce, higher
t hroughput, and longer build cycle (perhaps several years). Conducting
this sort of exploratory devel opment on a manageabl e scale will produce
the best and nost tinely results

-26-
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APPENDI X A

TYPI CAL  CLASSI FI CATI ON CHARTS

From

Labor Standard C assification System a report
prepared for M. Joseph R Fortin, MarAd Program
Manager SP- 8 Program - Task Ec-10 - Bath Iron
Works, Bath, Maine, by HB. Mynard and Conparéy
Inc., Pittshurg,Pennsylvania 15221, January 1982
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| NTRODUCTI ON

Shi pbui I ding requires the extensive use ofanultiplic-
ity of crafts, as well as manufacturing and construc-
tion operations? often for the construction of one-of-
a-kind products. It is nost inportant that a ship-
bui | der have the capability for rapidly estimating the
| abor content of a vessel accurately, if he is to sub-
mt a bid that is correct, and with which he can com
ply. Conpliance with abid depends on his ability to
correctly apply manpower to the vari ous craft work in-
volved, and on his ability to effectively schedule
those crafts on adaily basis.

Labor standards devel oped by the use of Engi neered Tinme
Standards Systens are quite detailed, and require a de-
tail ed know edge of the engineering specifications of
the work. For shipyard use, there is often a lack O
detail either avail able orearlyenough to be used for
t he task ofdevel opi ng standards forthei nredi at e de-
sign being considered. The useof MOST®Systens for
devel oping standards is a distinct advantage? allow ng
t he maxi mum devel opnment of standards with a m ni mum
investment of time. The use of statistical techniques
to accommodate the variations in work methods and the
lack Of repetitive work common to |ong-cycle job shop
type operations further comrends the use of MOST for
shipyard applications. However,the application of the
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standards that are devel oped may be as tinme-consum ng,
and require as nuch detailed information, with MOST as
with any other standard devel opnent system

The concept of Labor Standard Cassification is an ad-
aptation of the standard data approach, and has been
devel oped to pernit the rapid application of valid
| abor standards for estimating and for manpower sched-
uling. The work detailedinthisreport is only the
first step toward the goal, and is the result of a need
for providing for the rapid devel opment of accurate
labor st andards for usein a pilot shop scheduling pro-
gram That pilot program coverstheconversi on of Base
Level ed Standard Times to Application (Scheduling)

Standards for use in shop | oading and schedul i ng.
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LABOR STANDARD CLASSI FI CATION FOR PI'PE SHOP FABRI CATI ON

The classification system devel oped for the Pipe Fabri-
cation Shop is based on actual organization of work in
the shop. Three basic work centers were identified:

Bending - Conrac
Bending - Geenlee

Pi pefitting (mechanic)

It should be noted that the work for the Conrac Bender
Is set up on separate work orders? while the work for
t he Greenlee Benders is made up of work not covered by

Conrac tooling, and performed generally as encountered
on pipe details.

Ceneral Iy, the nechanics are assigned an entire work
order, unless it is a large one requiring the use of
two or nore nen to conplete it in a timely manner.

Three chart sets are used for selecting the classifica-
tion standard: one set each for the benders, arid one
set for all other work. Two work sheets are used to
accumul ate the information necessary for the use of the
charts. Fillingout the work sheets is the first step.

Two documents (prints) provide directions to the shop

the Supplenentary Instruction Sheet (SIS) gives in-
structionsf or bendi ng; the Pipe Detail Sketch provides
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the information for the mechanic's fabrication and as-
senmbly (see[ Appendix 1]for exanples).

1

Bendi ng Work Sheet - Conrac Only (see|Figure 1)

The first step in ueof the work sheet is to re-
cord the work order nunber at the head of the
sheet. You are then ready torecord data for each
Suppl emental Information Sheet (SIS) that is in-
cluded inthework order. In order to mininize
the set-up tine, all the SIS sheets should be ar-
ranged first by diameter of pipe, and then by
material wthin each dianmeter group. From each
SIS sheet you then record on the work sheet: the
sis nunber, the material the pipe dianeter, and
the actual nunber of bends that are to be made.
The colum headed “Stand. Tine” is left blank at
this point. Wen all of the SIS sheets have been
recorded, count the nunber of times a different
material was listed, and record that number in the
bl ank space after “Set-up - Material” in the bot-
tomright corner of the form Then count the num

ber of different dianeters shown, and record that
nunber in the blank after “Set-up - Diam”

The next step is the use of the Standard Cassifi-

cation Chart (see[Appendix A)Jto select the time
val ues to be assigned.The tTTe val ues represent
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the classification standard which is leveled at
15% PF&D (Personal, Fatigue and Delay). To sel ect
the proper tine value, reference is made to the
material, the pipe dianeter, and the nunber of
bends required for each SIS sheet. The indicated
time value is then inserted in the appropriate
colum on the Wrk Sheet [Figure I).| The individ-
ual SIS values are then totaled for the work or-
der,t he set-up tines arecal culated, and the
total is calculated.

That total time is then nodified in accord with
the procedure given in the pilot programreport to
give the total man-hours for the work order

IT. Pipe Detail Work Sheet - Tncluding Greenlese Bend-—
ing (see|Figure II)

The first stepintheuse of the Pipe Detail work
Sheet is to record the work order nunber and the
drawi ng nunber. Youarethenready to analyze the
detail sketches and record the pertinent inforna-
tion. In ordertosinplify later reference to the
classification charts, it is desirable to arrange
the pipe detail sketches first by material, and
then by ascending order of pipe dianeter within
each material group.
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The next step is to identify and recordthef ol -
lowing information for each pipe detail sketch:

A

The sketch number (including revision letter).

The material (if nore than onematerial is
used, aseparate |ine should be used for each
material).

The pipe diameter (if nore than one dianeter

Is required, a separate line should be used
f or each diameter).

The nunber of pieces of pi pe {for each mate-
rial and diameter, if necessary).

The nunber of made-up joints (joints brazed or

fit and tack -including brazolets or weldo-
| ets, where used).

The nunber of holes to be drilled for brazo-
| et s or weldolets.

The nunber of pipe ends that are threaded.

Any other odd operation such as burning a hole
or pipe end with the portable plasmaunit.
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1. The number of bends required for the Geenlee
Bender. These will be all bends on pipe |ess
than 2 dianmeter, or greater than 4“ dianeter.
Further, any bend with a radius snaller or
| arger than two pipe dianeters, or bendson?2"
t hrough 4“ pipe where no SIS sheet has been
referred to in the notes on the sketch.

It is nost inportant that the analyst be aware of
shop practice. For exanple, notes on the sketches
will often refer to certain fittings that are
“left loose.” In addition, it is a shop practice
that all flanges are left |oose.

The next step is to use the classification charts
to determne the standard tines for each pipe de-
tail. The chart for Geenlee Benders is foundin
Appendi x B, | and the chart sets for Fabrication are
found 1 n Appendix C

The determ nation of the tine for the Geenlee
Benders is done in the same manner as for the Con-
rac, with two exceptions. First, there is no sep-
arate setuptinme and, second, when 5 or 6“ pipe
I's involved, tine nust be added for filling and
removing resin fromthe interior of the pipe. The
base time is indicated on the bottomof the class-
i fication chart (see|Appendi x B)| and the propor-
tionate amount of time should be used for the ap-
proximate length of the pipe to be bent.
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The total of Geenlee bending tine is calcul ated
for the entire work order as a separate val ue.

Reference is made to the Fabrication Cassifica-
tion Charts (see [Appendix C) [for selection of
classification standards. These charts are in
sets according to the material and, wthin each
set, these is a chart for each one inch dianeter
increment. The charts are cross charts, that is,
there are two determnants for selecting a tine.
Along the left side of the chart you wll find the
nunber of pieces of pipe, and along the top you
will find the nunber of made-up joints. The value
IS given at the intersection of the two cohmns.
Separate values are |listed at the top of each

chart for hole-drilling time andfor pipe-end
t hreadi ng tine.

Once the tines are recorded in the appropriate
colums on the right side of the work sheet (Fig-
urd I1) [they are summed to give a total fabrica-
tion tine for each pipe detail. The “Total” col-
um is then sumred to provide the total base tine
(leveled with 15% PF&D) for the work order.
Again, this is the tine used in accord with the
procedures reported in the pilot programreport.
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Wien such values as plasma burning are required,
the Industrial Engineering Department will provide
the necessary standard val ues to be used.
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Cl ASSI FI CATI ON SYSTEM DEVELOPMENT

In this section we detail the steps used to develop the
classification system

Concept and Devel opnent Qui de

The classification system has been devel oped to
provi de arelatively si npl e nethod of determ ning
basi ¢ standard hours (at100% performanceand i n-
cluding asigned PF&D) with a mninmum of analyst or
pl anner hours required. There is always atenpta-
tion to try to preestablish the end result and
wor k backward, but itisnmost inportant to use a
see ofgui ding paraneters only, and to begin with

the detailed data, working forward to a final for,
mat e

The basic paraneters chosenfor the Pipe Shop
ver e:

A. Use whol e inch pipe sizes toreduce the number
of referencesfrom fifteen to seven sizes.

B. Use atime spread approach to establish tine
famlies (Wwth a 5% accuracy) to conpensate
for the conpression of pipe sizes and the ad-
dition of that variable to the already-exist-
ing variables acconmodated by MOST Systens.
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Thetime spread selected for shi pyard applicatjon
is shown in [Appendix D.] It “as developed using
the integer square method.

Guided by the parameters, the f0llowng analytica

procedure was used for the devel opnent of the sys-
tem

A Define the work functions performed, the oper-
ations sequences, and the work centers in use.
within the shop.

B. Determine the tinme standards applicable to
each identified work activity.

C. Analyze the work orders, and the engineering

draw ngs to define the typical operations perf-
ornmed at each work center, as well as the

identifiable relationships between each work
activity in the work center.

D. Determne the m ninum nunber of physical char-
acteristics encountered in each draw ng that
will define the work activities used.

E.  Construct a classification system
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F. Test the system by conparing standard tines
determned fromdetailed standards with those
determned from the classification system

G Revise the system, as necessary, until there
Is a consistent relationship between the val -
ues as determned in Seep F.

1. Pipe Shop - Wrk Centers, Work Activities and Se-
guences

InPi pe sShop70the foll owm ng operations were de-
fined:

A. Conrac Bender:
1. Review SIS sheets, and redinension to Pro
vi de about 1 additional |ength per piece
after cut-off.
2. Read instructions and set up bender.
3. CGet pipe and anneal, as required.

4, Load bender.

5. Bend pipe.
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6. Unload bender and set bent pipe aside.

7. Take pipe to cut-off saw

8. Cut off bent pipe sections, mark and set
aside.

9. Take pipe to washer table - lead table.

10. Wash lubricant out of pipe.

11. Set pipe on appropriate pallets for stor-
age.

B. Geenlee Bender:

1. Check instructions (fill large 5 and 6"
pipe with resin).

2.  Set up bender.

3.  Bend pi pe.
4.  Remove resin fromlarge pipe.

5. Set pipe aside for return to nechanic.
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Mechani c:

10.

Check instructions.

Get pipe, cut to length and mark.

Take cut pipe to bench.

a. Take pipe requiring bends to Geenlee.

b. Get pipe from Greenlee Benderand take
t O bench.

End prep pipe.
Get fittings

Drill or burn pipe and fittings, as re-
qui red.

Fit and braze or fit and tack fittings, as
required.

| nspect conpl eted pipe details.
Cap or tape all openings.

Place pipe detail on pallet.
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[11. Standar [ termnpation

The original Pipe ShopWrk Minagement Manual
(WM has been prepared for work done in shop5.
Subsequently, the fabrication work had been trans-
ferred to Shop 70, and the Conrac Bender had been
installed. Mst of the standards for the Conrac
Bender had been devel oped and added to the Mnual
However, it was now necessary to revi ew the exist-
ing standards and ensure that they were correct
for the work being done in Shop 70, and to prepare
what ever additional standards were needed. It was
al so found that sone standards had been conbined
for original application work. Some of those com
bi nations were not conpatible with the procedures
being followed in Shop 70, and the necessary sepa-
ration was nade

It was nost inportant to be sure that standards
were established for each individual work activ-

ity, since future combinations mght have to be
revised.

Appendix E s a summary table of individual stan-

dards taken fromthe WW and from the additiona
standards devel oped for Shop 70.
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Wrk Activity Analysis and Decisions

In order to determne the type of work activity
actually being carried out, a large nunber of pipe
detail sketches and SIS sheets wereselected at
random and anal yzed in detail for work require-
ments .  The anal ysi s tookcareful account of both
engi neering instructions and shop practice. Df-
ferent colors of H ghliner Pens were nmost hel pful
in highlighting the work activities required on
the sket ches.

The follow ng points were determ ned by the ana-

lytical activity:

A. Due to the practice of |eaving about 1“ excess
when cutting Conrac bent pipe, the, nmechanic
has to final-cut each piecewhenfitting pipe
and fittings or when makingend preps.

B. A small percentage of-pipe pieces have an end
prep specified on one end only.

c. The existing supply of sockolets and wel dolets
Is not predrilled and must be drilled for pipe
insertion, as well as having to drill the ac-
cess hole in the pipe. Brazol ets, however,
are predrilled.
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Engi neeri ng notes about fittings nust be care-
fully checked when there are two or more of

that fitting on the pipe detail. If note num-

bers are on the sket ch by the fitting designa-
tion, only those fittings are to be left
loose. |If no note nunbers are in the sketch
thenote will beconsidered to apply to all of
that fitting.

Shop 70 does not make up pi pe hangers or any
simlar conponents,

F. Fabricated bell nouths are made up in Shop 7o0.

G.

Except as noted, all ferrous pipe through 2"
di amat er issocket-wel ded, while all over 2"
dianeter is butt-welded. The primary excep-
tions are found when reducing couplings or

tees are used. In those instances when t he
larger end is over 2°, all connections are
butt - wel ds. The deviations affect the pipe
end prep.

Tooling for bending 1%, 1-1/4" and 1-1/2" di-
anmeter pipe on the Conrac Bender is on order

Mol ded plastic caps areavailable for protect-
ing the ends of all pipe through 5 dianeter
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All openi ngs on fittings, brazolets or socko-
lets and on pi pe over 5“ di aneter, aretaped.

J.  The nunber of endsoropeni ngs to be protected

(cap ortape)is a function of the number of
joints mde upand of the type of fitting
used.

K. The use of weldolets, brazolets and of thread-
ed pipeends i s specific to certain pipe de-
tails; it is not an overal application.

L. On the SIS sheets? there are an avesage 0.7
cuts per bend.

M. Over 50% of the bends are 90°.

N. There are no standards for alum num or brass
pi pe.

0. Heavy wall or hydraulic piping is not handl ed
in shop 70.

P. work orders containing both hydraulic and
standard pipe are proportionately split be-
tween the Hydraulic Shop and Shop 70.
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Q. Work performed in the Machi ne Shop (e.g., re-
nmoving internal threads from one end of a
t hreaded coupling) is normally not charged to
the Shop 70 work order. It also appears that

final welding of fittings is not charged to
the Shop 70 work order.

Based on those observations, and the frequency of
occurrence of such events as “one-end pipe end.

prep,” a nunber of decisions were made to | ead
toward the determnation of key factors that de-
fine the | abor content of pipe detail.

The observations were initially grouped into three
classifications:

A. Those operations that always occurred at a de-
finable frequency.

B. Those operations that always occurred, but at
a variable frequency.

C. Those operations that occurred occasionally.

The groupings established the logical selection of
readily definable elements that could be used for
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determning the labor standards for pipe details,
as foll ows:

A, Conrac Bender work.

1. Cperations always occurring at a definable
frequency:

a. The nunber of bends on each SIS

b. There are 0.7 cuts made for each bend

c. The nunber ofcutpi eces of pi pe that
can be washed at a tine is a function
of pipe dianeter (a definable number.
of pieces of pipe of a given size can
be placed on the cleaning table at one

time).

2. Qperations always occurring at a variable
frequency:

a. Set-up for material changes.
b. Set-up for dianeter changes.

¢c. Operations occurring occasionally -
NONE.
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B. Geenlee Bender work.

1. Operations always occurring at a definable
frequecy:

a. The nunber of bends required.

b. The degree of bend.

2. (Operations always occurring at a variable
frequency:

a. The cut-off of @ pi pe piece - before
or after bending.

3. Operations 0CCUIring occasionally - NONE.

c. Mechanics.

1. Operations always occurring at a definable
frequency:

a. Each straight piece of pipe has one
cut.

b. Each pipe opening is capped or taped.

c. Eachpiece of pipe is inspected.
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2. Operations always Occurring at a variable
frequency:

a. Each bent piece of pipe may have one
or two additional cuts.

h. The type of end prep is defined by the
size and material of the pipe, except
where no end prepi s specified or

where a reducing fitting is used
across a sizeboundary.

3. OperationsOCCUrring occasionally:
a. Pipe ends threaded.

bh. Pipe drilled for brazolet/weldolet ad-
di tion.

c. Weldolet drilling required.

Eval uation of the work activity analysis led to
the following prelimnary decisions for classifi-
cation purposes.
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A Conrac Bender.

1. Operations such as cut-off and clean can

be directly related to the nunber of bends
required on each SIS

2. Set-up times nust be determned separately
for each work order.

B. G eenl ee Benders.

1. Due to the work practice followed for
Greenl ee Bender work,aset-up could be
al | owed for each bend.

2. NO cutoff would be included in the bend
time, and that tine would be included with
the mechanic-s work.

3. Asingle bend tinme would be selected, re-
gardless of the actual degree of bend re-
qui red.

c. Mechanics.

1. Each piece of pipe would require one cut-
off, twoend preps, and onei nspection.
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End prep values woul d be allowed strictly
in accord with the basic material and di-
ameter of the pipe.

Fitting makeup (braze or fit and tack)
w ||l be defined for actual joints re-
qui red.

Caps or taping for ends can be defined on
an average basis for varying configura-
tions of pipe detail fabrication. Fur -
ther, the averagenumber required can be
related to the relationship between pieces
of pipe and nade-up joints on each pipe
detail.

Timefor pipe threading and for drilling
w |l be added on a per-occurrence basis.

Set-up values will be distributed for av-
erage frequencies.

Appendi x F|i s asummary table of ti ne st andards

(including a 15% PF&D) devel oped in accord with
the prelimnary decisions outlined above.
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Chart Devel opment

Based on the values given infAppendix F,|it was a
sinple matter to construct basic tables for both
the Conrac and Gr eenl ee Bendi ng operations, as
shown in Appendi ces A and|B.

Mechanic's work, however, requires the basic de-
termination oftwofactors: the nunber of pieces
ef pi pe, and the nunber of made-up joints - for
each pipe detail. It becanme necessary t o con-
struct a cross-chart, giving proper values for
various conbinations of pipe quantity and made-up
joints. For each conbination, an average number
of cap/tape requirenments for openings coul d al so
be determ ned. Appendix G shows a sanmple of the
cal culation process for determning the final
val ues that were inserted in the cross-charts
shown in |Appendix C.

You will note that all values used in the devel op-
ment ofthecross-charts are shown to two deci nal
pl aces. In each case, the basis was the four-
pl ace nunber shown in|Appendix F,|and rounding off
was done after nultiplying the four-place value by
the appropriate frequency.
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You wll also note that the cal cul ati on sheet

shown in Appendix G assigns a Cass Code to each
tinme value. The time value assigned in the class-

ification charts is the appropriate tine value for

the Cass Code as shown on the table in Appendix
D.
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TESTING THE CLASSI FI CAT1ION CHARTS

The validity of the decisions and conbinations used to
construct the classification charts was tested by ap-
plying both basic standards and val ues from the classi-
fication charts to a nunber of work orders. Theresult
for one such test is shown in|Appendix H | As can be

seen, there is a relatively consistent deviation of +
8%

For the purposes of establishing a base for gross shop
| oading, the size of the deviation is not significant,
as long as there is a consistency to that deviation.
It was further required to use the chart values as the
basis for determning the performance and delay (non-
process) factors that would modify the base ti nes and
provide a realistic application (scheduling) standard.
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FUTURE SYSTEM MODI FI CATI ON REQUI REMENTS

There areseveralevents that wll signal the need to
nmodi fy or recalculate the existing charts:

1.  The Conrac Bending Chart will have to be expanded
to include a 1“ size at such time as the new tool -
ing is put into production.

1. Any change in shop procedure will require a nodi-
fication of the assigned values and, perhaps, of
thebasis for the chart. For exanple:

A |If nolded caps weresupplied for all pipe ends
and for fittings. the cap/tape valuewould
have. to be reviewed and probably revised.

B. |f sone welding operations wereadded to the
shop 70 work activities, the appropriate nmake-
up joint values would have tobe suitably in-
creased.

I11. If Geenlee bending requirenents reach a signifi-
cant quantity to require an accumulation of bends
and a better work schedul er set-up values may have
tobe separated and assigned on a pl anned basis.
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It is also true that if there is a high volume of
aspecific size of pipe, particularly at the in-
termediate 1/2" sizes, it may be desirable to de-
vel op a special chart for that size of pipe.

Page 31

H B. MAYNARD and COVPANY, | NC.




CONCLUSI ON

The classification chart systemfor determ ning basic

| abor standards for pipe detail

fabrication work pro-

vides a sinplified application method that can be used
by a planner on a daily basis. |t represents aprag-
mati ¢ use of the highly-detailed |abor standards that
provide the valid basis for the classification system

There are two future advances anticipated for the sys-

tem

The chart concept can beapplied t 0 acomputer
program, perm tting the use of aconputer ternina
to provide the necessary calculation I nstead of
using the manual nethod described in this report.

Wen sufficient basic |abor standards are avail -
abl e, the system can be expanded to cover all pi pe
Shop activity from initial fabrication through
final outfitting on the ship. At that tine, it
wll be possible to devel op basic system standards
(i.e., lube-oil system waste-water system, etc.)
that can be effectively used as benchmarks for
estimating the Iabor content of new ships (gross,

by craft, and by yard location) for bidding pur-
poses.

Page 32

H B. MAYNARD and COVPANY, |JC




Finally, it should be understood that nodifications of
the system nmay be required for use at variouslevels Of
managenment information and/or control systems. FOr ex-
ampl e, standards fromtheclassification charts should
never be used as the basis for an incentive program

The classification system for determning |abor stan-
dards is a tool for nmanagement. Like any good tool, it
must be made or constructed for a specific use or ap-

plication. Wen used for its original purpose, it wll
do an excellent job.

W are looking forward to further exploration ofthe
classification system concept as additional applica-
tions are made of the |abor standards being devel oped
under the Marad Program

January, 1982 H B. Maynard and Conpany, Inc.

Pi ttsburgh, Pennsylvania
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APPENDIX B



GREENLEE BENDERS
ESTIMATING STANDARDS - DECIMAL HOURS
Beuding Only: Includes Set-Up

g IAFSdV

1-g

COPPER - COPPER RICKEL CRES, BLACK STEEL, & GALVANIZED
HUMHER OF " " " ) nk ok HUMBER OF ”» " " ' nwk wk HUMBER OF
BENDS 1 2 3 4 § ¢ BENDS ¥ 2 3 ¢ L e BENDS
1 .18 .32 1 .18 .32 3
.32 '
3 3 .72 3
.50
.50 .98
s .98 ' p
.12
¢ s 1.3 6
.72
! 1.3 1 1
.98 1.6
[ ) s s
.98
s 1.6 ’ ) s
1.3 2,0
10 l . 3 2 . 0 16 18

% ADD FOR RESIN FILL: 4.0 HOURS EACH 20 FT., LENGIN




APPENDI X c.



=0

Add fer:

1 End Thrsaded

1 Hele Drttled: 27

-~

S—tr——————

FABRICATION ESTINATIHG STAHDARDS IN DECIMAL HOURS
EXCLUDING BENDING

Copper-Copper Njckel Pipe

. Diam,

NUMBER OF JOINTS BRAZED/FIT & TACK

PIECES OF
PIPE 0 |Iz 3 4 ] ¢ 7 ols'u nln rulululu
! .18
.32 .50
2 12
3 .50
‘ 2 .98
. L3
] 1.6
, 2.0
(] 2.4
)
2.9
10

D XIaN3d&dav



[Ar®)

Add for:

FABRICATION ESTIMATING STANDARDS IR DECIMAL ROURS

EXCLUDING BENDIRG

1 ltole Drlfled: 27 Capper - Copper Nickel . Plps 2% ___ Dlaw.
1 Eud Threaded ___— )
PIECES OF NUMOER OF JOINTS BRAZED/FIV & VACK
PIPE . ) 2 $ [ 7 s 9 10 1 1 1" 14 15 T}
1 .18 32
.50

2 .32 972 98

3 .50

4 T2 08 13

§ 1.6

‘ 2.0

2.4

H

. 2.9

9

3.4
10 ' 3.9




£=0

FABRICATION ESTIMATING STANDARDS IN DECIMAL HOURS

EXCLUDING BENDING

Add for:

1 ll.:ll Dritleds 27 _Copper -~ Copper Nickel . Pips —3"__ Dlam.

1 End Threaded

PIECES OF NUMBER OF JOINTS BRAZED/FIT & TACK

PIPE ) 1 ? 3 4 5 ] ’ L ) 10 1 12 13 1 | 13 16

1 .18 .32 .50 .08
2 32 .50 72
(] 50 A2
’ 12 08 13
$ 1.6
¢ 2.0
7 2.4
s 2.9
’ KN
10 3.9 4.5




=2

FABRICATION ESTIMATING STAHDARDS 1N DECIMAL HOURS
EXCLUDIHG BENDIRG

Add for:
1 lole Dritleds 2T Plpe —a" . Diam,
1 Eud Threaded
PIECES OF HUMBER OF JOINTS BRAZED/FIT & TACK
PIPE . ) 2 3 4 ] 1 ’ ) 1 1 u | » " 1 1
1} 8
50§ .72 .98
2 32
.50 2 | .08

3

4 a2 1.3

: 08 1.6 2.0

¢ 2.4

7 L3 2.9

. 3.4

3.9
’ L6 4.5

5..




Add tor:

1 Hiole Dsilled: . 217
1 End Threaded -

FABRICATION ESTIMATING STARDARDS IN DECIMAL HOURS
EXCLUDING BENDING

Copper_-_Copper Nigkel

—H ___ Diam,

NUMBER OF JOJNTS BRAZED/FIT & TACK

2.0

PIECES OF
PIPE » ] 2 ) 4 s $ 1 ] ’ 10 u 1 I 1n | " 1 |u
1 18
50 (.72 | 98 | 13 1.6
. 32
) 50 .72 | .08 13
. a2 198 |3 24
; 98 |L3 1.6 2.0
[ 4
2.9
? L3 2.4 3.4 3.9
4.5
. 2.0 ' 5.1
' 1.6 5.8




8-0

FABRICATION ESTIMATING STANDARDS IN DECIMAL HIOURS

Add for:
1 Wole Drilled: 27

1 End Threaded e

EXCLUDING BENDING

1 M @
Copper - Copper Nickel Pips 6" Bla.

PIECES OF NUMBER OF JOINTS BRAZED/FIT & TACK
PIPE . | 2 3 4 $ ] L ] ’ 10 1] 12 n M 15 1
] A8 S0 § .72
1.3

2 32 g2 1 .98 2.0
) .50 1.6

98 L3
! 12 2.4

2.0
s 98 |3
' 1.6 2.9
1.3 3.4

! 2.4 3.9
[ 1.6 ‘..’..0 A5
' 5.'
10 2.0 2.4 5.8 4.5




FABRICATION ESTIMATING STANDARDS IN DECIMAL HOURS
EXCLUDING BEHDING

Add fer:
n
1 fate Dritleds =27 __Copper = Copper Nickel . Plpe 8 Dl

1 End Thioaded ____—

PIECES OF HUIIBﬁI OF JOINTYS BNAZEDII’IT&TACK
PIPE ’ 1 2 3 4 s . ? ql. 10 1" ululululu

1 8150 | o8] 13
2 50 |.72
, 98 .3 L6 2.0 |24

.72
4 2.9 3.4
" 08 L3 | )6 2.0 2.4
3 1.6 2.0

1.3 2.9
7 2.4 3.9

4.5
' L6 | 2.0 3.4
2.0 5.1

' . 500

2.0 |24 6.5 1.2
. d.o




-0

FABRICATION ESTIMATIHG STAHDARDS IN DECIMAL HOURS
EXCLUDING BEHDING

Add for:
5 (-, . lll
1 ttole Dritleds .12 Lreg Pipe Blaw,
1 Eud Threaded 09
PIECES OF HUMBER OF JOINTS BRAZED/FIT & TACK
PIPE ] | | 2 3 4 ¢ 7 ] 9 10 n n | ) M 15 | 1
' 18 32 .50
2 .80 Jq2
72

! .98

) 1.3

s 1.6

¢ 2.0

?

2.4
[}
2.9
)
10 3.4




6-2

FABRICATION ESTIMATING STANDARDS IN DECIMAL HOURS
EXCLUDING BENDING

Add for gu

1 lete Dyllled: =15 Cres Pips — e Dlam.

1 End Threaded 09

PIECES OF NUMBER OF JOINTS RRAZED/FIT b TACK

PIPE L) 1 2 3 4 s $ ? ) ) 10 1 I t2 I 1) " l 13 16

3 18 32 .50
2 . 50 12
3 12 98 . L3
4
H L3

1.6

2.0

2.9

3.4




FABRICATION ESTIMATING STANDARDS IH DECIMAL (HOURS
EXCLUDING BEWDIRG

Add for:
: . "
1 lisle Dritted: 13 Cres Pips S 11T
1 Eud Threaded ___'9_{______..

HUMBER OF JOINTS BRAZED/FIT & TACK

PIECES OF
PIPE ) 1 2 3 4 ] ] 1 () | ) 0 " 12 1) 14 | Is

72 .98

5 1.3 L6

‘ 2“'

24

2.9

01-2




11-0

Add far:

1 ilele Drilled:

.19

FABRICATION ESTIMATING STAHDARDS | DECIRAL HOURS
EXCLUDING BERDING

i et stinae e ——————

1 End Threaded ___—

Cres

Pipe

4ll

—Diam,

PIECES OF
PIPE

HUMBER OF JOINTS BRAZED/FIT & TACK

7

n 12

14 15

.50

.50

72

.98

.98

13

1.3

1.6

2.0

2"-

2.9

:;'04

3.9

4.5




A )

* FABRICATION ESTIMATING STARDARDS IH DECIMAL HOURS
' EXCLUDING BENDING

Add for;
1 Hele Dyitled: 45 Cres Pipe —a"__ Dlam,
1 End Tioreaded .
PIECES OF HUMBER OF JOINTS BRAZED/FIT & TACK
PIPE e]n 2 3 4 $ . ? a[s " quJulquIu
1 50 12 .98 :
2 98 13 L8
3 . .
1.3 1.6 2.0
4 L6 - 2.0 2.4
1 2.0 2.4 2.9
6 3.4
-
] 3.9
' 4.5
] 5.1
10 5.8




£1-0

FABRICATION ESTIMATING STANDARDS IN DECIMAL HOURS
EXCLUDING BEHDING

Add for:
1 itele Dyitted: 213 Creg Plps — 6" Diam,
1 Enud Theeaded ______ . R
PIECES OF NUMBER OF JOINTS BRAZED/FIT 8 TACK
FIPE 0 1 2 3 4 s ¢ 1 ’ ’ 10 1 1 1 14 13 1
i .50 .12 .98
2 .98 1.3 1.6
’ l 6 2 . 0 2 . l‘
‘ 2 . 0 2 . ,' 2 . 9
$ 2.4 2.9 3.4
s 2.9 3.4 3.9
? 3.4
s 4.5
9 5.1
5.8
10 6.5




¥1=0

FABRICATION ESTIMATING STANDARDS IN DECIMAL IIOURS
EXCLUDING BENDING
Add for:
1 Hele Dritleds — 22 Cres Pips —8" ____ pijam.

W E A WLooadod
A EUW TRIGARER .

PIECES OF HUMBER OF JOINTS BRAZED/FIT & TACK

_PkE | e i 2 3 4 5 6 7 s | s 10 n 1 n | 1)
i .72 .98 1.3
2 1.1 1.6 2.0
3 2.0 2.4 2.9
P 2.4 2.9 3.4
s 2.9 3.4 3.9 4.5
N 3.9 4.5 5.1
H 4.5 5.1
. 5.1 5.8
’ 6.5
10 7.2




FABRICATION ESTIMATING STANDARDS IN PECIMAL HOURS
EXCLUDING BENDING

Add for:
1 Hele Drilled: 16 —Black Steel Plpe ' T

(3
i Attt

1 End Threaded ___.09

NUMDER QF JOINTS BRAZED/FIT & TACK

PIECES OF
PIPE 0 1 2 3

4 s s 1 s 3 10 y | u n w |

1 .32 50 ' 72

~N
.
W
[
.
)
N
-
14
[-H]

e
[F]

1.3 1.6

1.6 2,0

2.4

2.9

3.4

1 3.9




91=~d

FABRICATION ESTIMATING STANDARDS IN DECIMAL WOURS

EYOcLmue oEuniue
RAVLUIIF R ping

Black Steel . Plpe

1 Eud Threaded

2"

PIECES OF HUMBER OF J0)4YS BRAZED/FIT & TACK

ey < _ _ - o . P

ive L 1 2 3 4 § § 1 [ 9 18 n 12

14

. Y .50 .72

2 .50 .72 .98

(s
o
o>

b

2.9

3.4

(T4
\=




L1=D

Add for:

1 Hele Drilled:

.16

ettt ettt

FABRICATION ESTIMATING STANDARDS IN DECIMAL HOURS

Black Steel

EXCLUDING BENDING

1 End Threaded __.09

Plpe

[1]
._._3___._.. Biam.

PIECES OF

HUMBER OF JOINTS BRAZED/FIT & TACK

4.5

PPE ) 1 2 3 4 ] ! ) ) 10 1 | 12 n |u I 13 1
1 .32 .50 .72

2 .72 .98 1.3

3 .98 1.3 1,6

’ 1.3 1.6 2.0

§ 1.6 2,0 2.4

¢

2.9
7
s * 3.4
3.9




81+

Add fer:

1 Hele Drilled:

FABRICATION ESTIMATING STANDARDS IH DECIMAL HOURS
EXCLUDING BENDING

16

Black Steel

Plys

3
O ——————————

1 Ead Threaded . ) .

—i . Diaw,

PIECES OF HUMBER OF JOINTS BRAZEOD/FIT & TACK
PIPE N i 2 3 4 $ § 1] (] ) 10 n n I n | 14 | ] |u
1 .32 .50 12 .98
2 .12 .98 1.3
3 .98 1.] 1.6
4 1.6 2.0 2.4
s 2.4
6 2.4 2.9
7 3.4
s
3.9
, 9
| 4.5
i
10 5.1




61-0

FABRICATION ESTIMATING STANDARDS IN DECIMAL HOURS

EXCLUDING BENDIRG

Add for: .
1 Hele Drilleds 216 Black Steel Pipe 3" Diam.
1 End Threaded
PIECES OF NUMBER OF JOINTS BRAZED/FIT & TACK
PIPE N 1 2 s 4 s ¢ 1 s ) 10 n 1 1 1 13 i
‘ . 32 . 50 . 72 . 98
2 . 72 . 98 l . 3 '
‘ Y 98 l Y 3 l Y 6 2 . 0
4 1.6 2,0 2.4
. 2.4
s 2.4 2.9
. 3.4
s ) 3.9
] 4,5
5.1




0Z-0

FABRICATION ESTIMATING STANDARDS 1N DECIMAL HIOURS

EXCLUDING BEHDING
Add for:
N, [1]
1 Note Dritled: =28 Black Steel Pipe 6 Diaw.
1 Eud Tlweaded __________,
PIECES OF HUMBER OF JOINTS BRAZED/FIT & TACK
PIPE [ | 2 ] 4 $ ] ] [ ) e n ” | n 14 15 I 1
1 050 . 72 998
2 .98 1.3 1.6
Y 1.3 1.6 2,0
‘ 106 2.0 ) 2.4
5 2.0 2.4 :
¢ 2.4 2.9 3.4
]
3.9
(]
4.5
)
5.1
10 5.8




1=

FABRICATION ESTIMATING STANDARDS (N DECIMAL HOURS
EXCLUDING BEHDING

~
<

Adid for:
1 n..'u Dritleds =16 Black Steel Pipe —8_ Dlam.
1 End Throaded
PIECES OF NUMBER OF JOINTS RRAZED/FIV & TACK
PIFE » 1 2 3 4 ) 7 ) ’ 10 1] 1" 1) 14 13 16
1 .50 .72 .98
2 .98 1.3 1.6
s 1.3 1.6 2,0 2.4
] 2,0 2,4
: 2.4 2.9 3.4
¢ 2.9 3.4
; 3.9
] 4,5
’ 5.1
5.8




FAA)

FABRICATION ESTINATING STAHDARNS IN DECIMAL HOURS

EXCLUDING BENDING
Add for:
1 fote Dritheds =16 Galvanized - Pipe 1" dlam.
1 End Tursaded 209
PIECES OF NUMBER OF JOINTS BRAZED/FIT & TACK
PIFE s 1 2 3 ] § § 7 ] ] 1) 1] n 1 " 15

1 .18 .32 .50

2 .32 .50 .72

3 .50

‘ . 72 098

1,3

s

s 1.6

7

2.0
)
2.4
»
2.9
10




FABRICATION ESTINATING STANDARDS IN DECIMAL [JOURS
EXCLUDING BENDING

Adid for: . .
1 lele Dyitted: 106 Galvanized Pips 2 Diaw.
1 End Threaded __-09

PIECES OF NUMBER OF JOINTS BRAZED/FIT & TACK
piPE o | 2 | s el s | 7 ' s f o [ m ] o lu]lwn
1 s la . 32 () 50 ' 72
z . 50
[ 72 N 98
3
4 .98
1.3
S .
1.6
[ ]
2.0
7
[ §
2.4 2.9
, .
P 3.4
o 10
[ ]




%¢=0

Add for:

FABRIGATION ESTIMATING STANDARDS IH DECIMAL HOURS

EXCLUNING BENDING

1 Hele Deifled: =16 Galvanized Pipe 3% . Bilaw.
1 Eud Tureaded ___09
PIECES OF NUMBER OF JOINTS BRAZED/FIT & YACK
PIPE ® i 2 3 4 § ] [ ) ) 1) 1 n 1" 1" 13 I 13
1 .32 .50 .72
2 72 .98
' R 98 ‘ . 3 l N 6
‘ l. 3
1.6
s 2.0
[ 2.4
7 . 2.9
. 3."
)
3.9

4.5




FABRICATION ESTIMATING STANDARDS IN DECIMAL HOURS
EXCLUDING BENDING

Add for:
1 Hote Dyitled: =16 Galvanized  ~ Plps 4% plam,

1 End Threaded ___________°

PIECES OF NUYMDER OF 10IHTS PRAZEP/FIV & TACK
PIPE o 1 2 ) 4 ) $ 7 s ) 10 n | 1 13 14 I 15 ] 16
. 032 050 072 o98
2 72 .98 1.3
’ .98 ‘.3 N l.6 2.0
‘ l.3 l.6 2'0
’ 106 2g0 2.4
‘ 2.0 2.9
1 3.1‘
]
3.9
’
4.5
3 10 51
(3%
(¥}




9z-0

FABRICATION ESTIMATING STAHDARDS IH DECIMAL IJOURS

EXCLUDING BEHDING
Add fos: . :
1 lole Drilleds =16 —Salvanized Plpe —3% ___ Diaw.
1 End Theeaded
PIECES OF HUMBER OF JOINTS BRAZEO/FIT & TACK
PIPE . 1 2 3 4 s s 7 s 9 10 M 12 1 7] I 15
1 .32 .50 .72 .98
2 .72 .98 1.3 1.6
] 1.3 1,6
‘ 1.6 2 .0 20"
5 2.0 2.4
6 2,4 2.9
; 3.4
. 3.9
. 4.5
10 3.1




LZ=2

FABRICATION ESTINATING STANDARDS IN DECIMAL HOURS

EXCLUDING BENDING

Add fos}
[1]
1 Hote Drifteds =16 Galvanized Pipe 6 Diaw.
1 End Threaded —
PIECES OF " NUMBER OF JOINTS BRAZED/FIT & TACK
PIPE o | 1+ | 3 4 ) 7 ' ’ 10 " n n Jul s 16
1 .50 .12 .98
2 .98 1.3 1.6
3 l . 3 l .6 2'0 2.4
4 2,0 2,4 2.9
' 2.1‘ 3.4
2,9
¢ 3.4
) 3.4 . 3.9
[} 4,5
5.1

5.8

6.5




8¢~0

FABRICATION ESTIMATING STAHDARDS IN DECIMAL HOURS

EXCLUDING BENDING

Add ter:
] ey L1]
1 lhole Drilleds =16 Galvanized Plpe 8 Diaw.
1 End Threaded
PIECES OF HUMBER OF J0I4VS ORAZED/FIT & TACK
PIPE . ' 2 3 ’ ¢ ? ’ ’ 1 " n | 13 n 15 | 16
. .50 72 .98 1.3
A
{ 2 1.3 1.6 2,0
' 116 200 2.4
4 2.4 2.9 3.4
§ 2.9 3,4
[ 3.4 3.9 4.5
, 309 I‘.S 5.1
' 4.5 5.1
9 5.8
10 6.5 7.2

- s remeam



APPENDIX D



I-C

TIME STANDARDS

SHIPYARD ESTIMATING ORLY

CLASS VALUE UTALe CLASS VALUE UTAL® CLASS VALUE UTAl® CLASS VALUE UTAL
1 .02 .04 22 10.2 10.9 43 116 122 64 1310 1400
2 .08 12 23 11,6 12,2 44 128 134 65 1480 1560
3 .18 +24 24 13,0 13.7 45 144 154 66 1660 1750
4 .32 40 25 Va4 15,2 46 164 174 67 1850 1940
5 .50 .60 26 16.0 16.8 47 185 196 68 2050 2150
6 72 .84 27 18.0 19,2 48 207 219 69 2300 2450
7 .98 1.12 28 20.5 21.8 49 231 243 70 2620 2790
8 1.3 1.45 29 23,1 | 24.5 50 256 269 71 2960 3130
9 1.6 1.80 30 25.9 27.4 31 288 308 72 3320 3510
10 2.0 2,2 31 28.9 30.4 52 328 349 73 3700 3890
i 2.4 2,6 32 j2.0 33.6 33 370 391 ﬁ 74 4100 4310
12 2,9 3.1 KK] 36.0 38.3 54 415 440 75 4610 4910
1] 3.4 3.6 34 41.0 43:6 35 460 485 76 5240 5580
14 3.9 4.2 35 46.0 48.9 56 510 540 77 5920 6260
15 4.5 4.8 36 52,0 54.8 37 575 615 h 78 6640 7010
16 5.1 5.4 37 58.0 60.7 58 655 700 79 7390 1770
17 5.8 6.1 38 64.0 67.3 59 740 780 8o 8190 8610
18 6.5 6.8 ¥ 72,0 76.8 60 830 875 81 9220 9810
19 7.2 7.6 40 82.0 87.0 61 925 970 82 10490 11160
20 8.0 8.4 41 93.0 97.9 62 1025 1075 83 11840 12510
21 9.0 9.6 42 104.0 | 109.4 63 1150 1230 84 13270 14030

* UTAT = UP IO AND INCLUDING

0 IIaNS&dY
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APPENDIX E-
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APPENDIX ¥

COMBINED LABOR STANDARDS

PIPE FABRICATION
(inciudes 15% PF&D)

MPE DIAMETER
b » - 5 - -
P
CONRAC MATERTAL 0.7500 i
BENDER SPL-UF DIAMETER 1.8000 ,
3D, CU 1544 L1661 |
CUT, & CU NI L1366 | L1381
WASE  CRES 1901 | .2123 §.
STEEL & GALV. [ 1367 | .11 |7
GREENLEE SET- CU, CU NI .1660 | .1700
| BENDER g FE .1860 | .1910
| wecaaNTC CU, CU NI 1340 | .1370 | .1410 | .1640 | .151Q
A. CUT, CRES 2210 | .2650 | .3970 | .4510 | .3390
| =zome ST 3070 | .3280 | .3480 | .3690 | .4070
& INSPECT GALV. 2710 | .3160 | .3600 | .4170 | .5130
| 2. zacz BRAZE .1650 | .2110 | .2530 | .2900 | .3790
JOINT FIT & TACK .0805 .0862
| C. EACHOPENING - CAP & TAPE .0200 .0280
" p. DRILL - CU, CU §T .2706
| ZACH HOLZ CRES .1500
STEEL & GALY. .1570
. E. THREAD - EACH END .0870 T TR P




APPENDIX G



| Sur]

SAMPLE WORK SHEET
CLASSIFICATION CALGULATIONS

PIPE DIAN, " Ly » Ly "
®o, CAP/TALE Houns [T NouKs HOUNS HOUKS
‘;f:' or EACH EACY EACH EACH €AcH
e [HARECR L 4y, PIECE + PIECE + FIECE + riEce + rEce +
Joints (1T Houns + CAP CLASS + car CLASS + eAr CLAsS + CApP CLASS + AP CLASS
Jny J0INY . S0iNY J0Imy S0
) ] 2 04 A3 A2 3 .13 A1 ] 41 A7 3 14 .8 3 b4 .18 3
L} k) 06 .28 .27 4 .25 .31 ] .10 .36 4 .35 J4) 5 39 A4S )
2 3 A6 .29 .15 4 .18 JAb 5 46 .52 5 .56 .62 6 .65 .71 6
3 5 .10 %Y Y] 5 .50 .60 5 .63 23 6 =) .87 1 40§ Lo ?
4 6 A2 45 .57 5 .62 4 6 29 91 7 .94 1.10 ? 135 029 8
5 ? A4 .51 .62 6 kS .89 1 96 .10 7 t.20 1.34 _8 .40 §2.55 9
3 0 6 A2 .38 .50 5 .39 .5) 5 .40 .52 5 N .53 5 A2 .54 5

[ 6 A2 46 .58 5 .51 .63 6 <37 .69 6 .62 4 6 .67 .19 6
2 6 W2 .54 66 & .64 .76 6 .13 .85 7 L83 .95 i 93 108 7
3 6 a2 .62 A4 6 .26 1] 7 .90 §.02 7 1.64 1.6 8 148 1 LY 4
4 6 iz L0 ¥ ) .88 i.0d ] i.ib i.18 8 i.25 V.37 8 i.43 34,53 9
5 6 A2 e L0 7 1.01 [ K 4 1,23 .35 ¢ 1.42 1.59 9 1.69 18,81 10
6 6 A2 .85 9 7 .41 1,25 ] .39 1.51 9 .68 1.20 9 1.94 ] 2,06 10
7 ? A4 .91 1.0 ? 1.25 1.39 ] 1.56 1.70 9 189 2.0% 10 2.19 | 2.1 1"
8 8 L6 il 1.2 8 .3 £.53 9 §.72 i.88 10 2.6 2,26 i 244 § 2,464 i
9 9 S48 09 2 8 i.50 t.64 9 L.49 2,47 T 2.3 2,49 " 2,70 § 2.40 12
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CLASSIFICATION SYSTEM TEST

WORK ORDER COMPARISON
LABOR STANDARD
WORK NUMBER ORIGINAL % CHANGE
oRDER ar pai FROM - FROM  |CLASSIFICATION
NUMBER mee ESTIMATE DETAIL | et asumeaTion FROM
DETAILS (HOURS) | STANDAROS | nwe ume: | _nETAR
541-023 1 4 .26 27 |+ 3.8s
261-023 | 5 5 | 1.7 | 1.72 | +17.01
529-021 | 8 2 | 9713 | 9.82 |+ 559
s06=023 | 21 2 16.99 18.97 | + 11.65
514-021 | 25 30 30.08 33.62 | + 11.77
s93-021 | 3l 16 | 2162 | 22.76 | + s.27 |
s28-024 | 37 0 | 2s.75 | 27,98 | + 8.66 |
256020 | 66 w0 | 9s5.66 | 10266 | + 7.32 |
TOTALS ‘ 194 sn | 20156 | 27.s0 | o+ si0s |

q-1
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